###### Strengths and limitations of this study

-   This is a unique research quantitatively investigating the frequency and the factors leading to inappropriate use of algorithms for variable selection in multivariate analysis.

-   We also evaluated the quantitative efficacy of the involvement of medical statistics experts, and the importance of experts\' participation in medical research became clear.

-   The association between absence of experts and inappropriate multivariate analysis was remarkable in the nation-level investigation.

-   There are many possibilities for outcome misclassification due to complicated definitions, and the number of factors related to the quality of multivariate analysis are far more than those examined in this study.

Introduction {#s1}
============

In the medical research field, 'multivariate analysis' (some claim that it should be called 'multivariable analysis'; the usage of this term is discussed later), typified by logistic regression or Cox regression, is widely used as a means of controlling confounding in observational research and creating a prognostic prediction model.[@R1] As statistical analysis software became widely used, multivariate analysis also became familiar to many medical researchers and clinicians. Although multivariate analysis is easily executed using software, understanding the statistical assumptions that constitute the premise of multivariate analysis and interpretation of the statistical model are very difficult for researchers who do not specialise in biostatistics. Moreover, common misconceptions have been formed among medical researchers who are not specialised in statistics, which can interfere with correct understanding and interpretation of the results.

An American medical journal, '*Annals of Internal Medicine*' (<http://annals.org/aim/pages/AuthorInformationStatisticsOnly>) describes its representative example as general statistical guidance on their website.

> Approaches that select factors for inclusion in a multivariable model only if the factors are \"statistically significant\" in 'bivariate screening' are not optimal. A factor can be a confounder even if it is not statistically significant by itself because it changes the effect of the exposure of interest when it is included in the model, or because it is a confounder only when included with other covariates. ... Better strategies than P value driven approaches for selecting variables are those that use external clinical judgement.

The problem with the algorithm in the first sentence of the previous quotation has already been pointed out many times.[@R1] In Kenneth J Rothman's 'Epidemiology: An Introduction',[@R4] the author said, 'The two primary ones (purposes) being to make predictions and to control for confounding'. This algorithm ignores the true associated factor whose apparent association is weakened by confounding in univariate analysis, which is not reasonable for any purpose. However, although it is just personal experience as statistical consultants, we receive many questions like, 'Only variables that were significant in univariate analysis are included in multivariate analysis, right?'

Knowing in what situations such inappropriate analysis is being done should lead to improvement in the quality of statistical analysis in medical research. However, there are no reports that summarise how multivariate analysis is carried out, including whether medical statistical experts are involved or not.

Based on the above situation, we decided to investigate under what circumstances inappropriate use is likely to occur and to identify the population that needs more support. Since inappropriate use of multivariate analysis (particularly in variable selection for regression model construction) is found even in published papers, we investigated its frequency and related factors in publications. Considering the feasibility, time constraints and difficulty in the survey, we examined the following items as outcomes: 1) using only variables that were significant in univariate analysis, 2) using too many explanatory variables for few events. Additionally, as a desirable multivariate analysis method, we also investigated whether several models were fitted for the same outcome and sets of selected factors.

Many other things should be considered in multivariate analysis such as association of events with variables, premises on distribution of variables and correlation between explanatory variables. Therefore, knowledge of both medical science and biostatistics is necessary to enable appropriate understanding of statistical models. We therefore assessed the association between medical statistics expert involvement (such as biostatistician and epidemiologist) and the outcomes. Based on this research, we found a high-risk population in the implementation of multivariate analysis and suggest improvement measures.

Materials and methods {#s2}
=====================

Selection of applicable journals and publications {#s2a}
-------------------------------------------------

This study was conducted as a cross-sectional study. Here, target publications in this study are about medical research undertaking multivariate analysis. To target publications with various qualities and properties, a multistep sampling method was applied as described below. Briefly, we first selected scientific journals dealing with clinical medicine and epidemiology and then we sampled individual publications. Also, for 'multivariate analysis', we chose logistic regression and Cox regression that are frequently performed in medical research. Details are as follows:Journals were selected from the journals listed in Thomson Reuter's Journal Citation Report. We first selected 45 medical research fields including 609 journals from the list in the website in 2014 ('JCR year' was 2013). Selected research fields are listed in online [supplementary table 1](#SP1){ref-type="supplementary-material"}.With simple sampling, many journals with a small number of citations could be selected. Therefore, sampling was stratified by the impact factor, which is an indicator directly reflecting citation frequency. The journals were classified into the following four layers according to the impact factor: 'Under 2\', '2 to \<4 (two to less than 4)\', '4 to \<6 (four to less than 6)\' and '6 or over\'.Subsequently, we selected journals whose number of articles exceeds 200/year to avoid journals with few articles and extracted all journals with impact factor of 6 or more (71 journals). The sampling rates of other strata were set to extract the same number (71×4=284 journals, listed in online [supplementary table 2](#SP1){ref-type="supplementary-material"}). Sampling rates according to impact factor were: 6 or over: 100%, 4--\<6: 55.5%, 2--\<4: 27.8% and under 2: 45.8%. Journals selected for the investigation in this study are listed with this information in online [supplementary table 2](#SP1){ref-type="supplementary-material"}.We searched for publications in which logistic regression/Cox regression was performed from selected journals in PubMed (within the past 5 years: 2011--2015). The search terms were 'logistic+XXXX (journal name)' for logistic regression, and 'hazard+XXXX (journal name)' for Cox regression, respectively. A publication database with 4086 (for logistic) and 11 726 (for Cox) publications was constructed through the previously described process. Clinical trials were excluded when the word 'random' or 'trial' was included in the title or abstract. Meta-analysis was also excluded when the word 'meta-analysis' was included in the title or abstract. All publications were from journals available through the University of Tokyo or open access articles.To set the 95% CI to the range of ±3%, the target number of publications was 1200. To limit selection bias from choosing journals with many publications with multivariate analysis, the sampling rate was calculated by applying a power function with an exponent \<1 to the number of publications (for logistic regression: 0.34×N^0.644^, for Cox regression: 0.54/N^0.644^, N: the number of publications in each journal).Ineligible publications that could not be excluded by the above steps were excluded afterwards, and 571 papers (for logistic) and 541 (for Cox) were selected as the research subject. This number satisfies the target CI set above. 10.1136/bmjopen-2017-021129.supp1Supplementary file 1

Surveillance {#s3}
============

The following information was collected from sampled publications by research assistants with knowledge of statistical analysis: affiliation of authors, country of the first author, method of variable selection for multivariate analysis (the primary outcome described below), number of the events (for multivariate analysis, categorised as: \<21, 21--50, 51--100 and \>100), number of the covariates (categorised as: \<3, 3--5, 6--10, and \>10), etc. We decided whether authors or coauthors have expertise in biostatistics or epidemiology based on their affiliation. When the affiliation includes the following terms or related terms: epidemiology, public health, prevention, nutrition, social health, community health, occupational health, environmental health, population, global health, nutrition, biostatistics, statistics, mathematics and clinical research, the author was considered a medical statistics expert (hereinafter, sometimes simply referred to as 'expert') in this research. Affiliation and the outcomes were independently collected by different assistants to avoid affecting determination of their association. For outcome-specific (not research-specific) information such as the number of events and the number of covariates, basically the information on the primary end point was collected, and if not applicable, information on the multivariate analysis first appearing in the abstracts or results was collected.

Since studies with few events (the number of events was 100 or less at the preliminary review) often included inappropriate analyses, the first author confirmed careful collection of information for such studies. In addition, the outcome of 'Fitting several models for the same outcome and selected factors' was surveyed by the first author. In this surveillance, for the studies where the number of events exceeds 100, because the number is extremely large, validation was carried out by 30% sampling.

Outcomes {#s4}
========

All outcomes were defined as surrogates for the quality of multivariate analysis. The following were considered as inappropriate/desirable algorithms.'Using only variables that were significant in univariate analysis' is the primary outcome for this study, which means that all variables screened with statistical significance in univariate analyses were automatically entered without manual selection of variables and without consideration for the relevance of variables. This includes cases when it is written as such in the method section or it is obvious that it was implemented as such from expression of the tables. It is excluded from the event when variables were manually added or removed due to relevance to outcomes (such as a factor of interest or an established risk factor) or statistical consideration (such as multiple collinearity) after the screening in univariate analysis. However, it is not excluded when the stepwise method such as backward elimination method is only applied algorithmically for post hoc variable selection.'Using too many explanatory variables for few events' is one of the secondary outcomes. This outcome was investigated only when the number of events for individual publication was equal to 50 or less. If the number of covariates was over 10 when the number of events was equal to 50 or less or the number of covariates was over 5 when the number of events was equal to 20 or less, it was defined as the event. The criterion was basically based on the study from Peduzzi *et al*,[@R5] but because defining the exact number of events and covariates is sometimes very difficult, we relaxed that criterion; outcomes were taken only when the number of events is \<51 and the number of covariates exceeds 20% of the number of events.'Fitting several models for the same outcome and selected factors' was determined as a desirable outcome for multivariate analysis. It was defined as the event only if tables were included for multiple models (because of screening efficiency). A representative example of this outcome was a fixed outcome and factors of interest related to various adjustment of covariates such as 'adjustment for age', 'age+sex', 'age+sex+other important factors', etc. Subgroup analysis and analysis on different outcomes are not included in this outcome.

Of course, there are many other points to be considered in multivariate analysis, such as multiple collinearity and use of intermediate variables, but these were not included at this time because it is difficult to gather information from publications from various research areas.

Statistical analyses {#s5}
====================

Statistical analyses for binomial outcomes were performed using weighted generalised estimating equations (distribution=binomial, link=logit) with robust variance. Weight was basically defined as the inverse of the following formula: sampling rate stratified by impact factor×sampling rate based on the number of each journal (investigated/published). The correlation coefficient weighted by the number of publications was calculated using a general linear model. All statistical analyses were performed using SPSS V.23 (IBM).

Patient and public involvement {#s6}
==============================

Neither were involved.

Results {#s7}
=======

Characteristics of investigated publications {#s7a}
--------------------------------------------

The flow chart of the selection of the research subjects is summarised in [figure 1](#F1){ref-type="fig"}. An outline of the investigated publications is shown in [table 1](#T1){ref-type="table"} (total number was 1112). Most of the studies were large-scale research that exceeded 100 events. Publication whose first author is an expert in medical statistics is estimated to be 33.5% of the total, and in the remaining 67.7%, the proportion of publications in which an expert was included in coauthors was estimated to be 37.8%.

![Summary of the selection of publications investigated in this study.](bmjopen-2017-021129f01){#F1}

###### 

Characteristics of publications investigated in this study

  ------------------------------------------------------------------------------------
                                               Number of publications\   \%     
                                               (n=1112)                         
  -------------------------------------------- ------------------------- ------ ------
  The number of events                                                          

   \<21                                        47                        4.2    

   21--50                                      122                       11.0   

   51--100                                     96                        8.6    

   \>100                                       847                       76.2   

  Impact factor                                                                 

   Under 2                                     127                       11.4   

   2--\<4                                      160                       14.4   

   4--\<6                                      397                       35.7   

   6 or over                                   428                       38.5   

  Medical statistics experts are included as                                    

  First author                                 Co-author                        

   No                                           No                       418    37.6

   No                                           Yes                      321    28.9

   Yes                                          Either                   373    33.5
  ------------------------------------------------------------------------------------

Descriptive statistics of the outcomes {#s8}
======================================

Descriptive statistics of the outcomes are summarised in [table 2](#T2){ref-type="table"}. The primary outcome of our research, 'Using only variables that were significant in univariate analysis' was estimated to occur in 6.4% (95% CI 4.8% to 8.5%) of the overall publications. There was a big difference depending on whether an expert was the first author or not. It was observed in only 1.1% of the publications with the involvement of an expert as the first author, 12.2% if experts were not involved and 3.5% if an expert was included as coauthor. When an expert was included as the first author or coauthor, it was 2.1%.

###### 

Estimated proportions of publications using inappropriate/desirable algorithms in multivariate analysis stratified by whether medical statistics experts were included as author or not.

  Outcomes                                                               Proportion                                   95% CI          
  ---------------------------------------------------------------------- -------------------------------------------- -------- ------ ------
  1\. Using only significant variables in univariate analysis            6.4                                          4.8      8.5    
  Subgroup analysis                                                      Medical statistics experts are included as                   
  First author                                                           Coauthor                                                     
  No                                                                     No                                           12.2     8.7    16.8
  No                                                                     Yes                                          3.5      2.0    6.1
  Yes                                                                    Either                                       1.1      0.3    3.5
  First author or coauthor                                               2.1                                          1.3      3.6    
  2\. Using too many covariates for few events                           17.4                                         10.2     28.0   
  Subgroup analysis                                                      Medical statistics experts are included as                   
  First author                                                           Coauthor                                                     
  No                                                                     No                                           22.1     13.5   33.9
  No                                                                     Yes                                          11.5     3.3    33.1
  Yes                                                                    Either                                       19.0     3.8    58.5
  First author or coauthor                                               13.6                                         5.1      31.5   
  3\. Fitting several models for the same outcome and selected factors   14.4                                         11.1     18.3   
  Subgroup analysis                                                      Medical statistics experts are included as                   
  First author                                                           Coauthor                                                     
  No                                                                     No                                           7.3      4.6    11.4
  No                                                                     Yes                                          19.0     11.5   29.7
  Yes                                                                    Either                                       30.7     23.0   39.7
  First author or coauthor                                               26.2                                         20.5     32.9   

'Using too many explanatory variables for few events' was observed in 17.4% of the total, 19.0% if the first author is an expert, 22.1% if experts were not involved and 11.5% if an expert was included as coauthor. Since these are only for research with few events, the estimation accuracy was low. When an expert was included as the first author or coauthor, it was 13.6%.

Regarding the preferred outcome, 'Fitting several models for the same outcome and selected factors', like the primary outcome, the result greatly differed depending on whether the first author was an expert or not. If the first author is an expert, the preferred outcome was achieved 30.7% of the time. Otherwise, only 7.3% is achieved if the coauthorship did not contain experts, and 19.0% if an expert was included. In the case in which an expert was included as the first author or coauthor, it was 26.2%. This outcome does not overlap with the algorithm 'using only variables that are significant in univariate analysis' in which only one model was created for model selection. As can be seen from the above results, when the authors included an expert, preferable analysis was carried out more frequently.

Subgroup analysis {#s9}
=================

Subsequently, the association between the number of events and the impact factor in each publication and the outcomes were assessed. As shown in [table 3](#T3){ref-type="table"}, unfavourable results are observed in publications with fewer events and in journals with lower impact factors, independently from involvement of experts. In particular, where the number of cases was 50 or less and the study did not include experts, inappropriate multivariate analysis was observed with a high proportion of 20.2%. At the same time, 'fitting several models' was implemented at a low proportion of 2.1%. When the impact factor is under 2 in studies in which experts were not involved, similar results have been observed (30.6% for the former and 4.0% for the latter).

###### 

Estimated proportions of publications using inappropriate/desirable algorithms in multivariate analysis stratified by the number of events, impact factor and whether medical statistics experts were included as author or not

  Subgroup                                                          Using only significant variables in univariate analysis   Fitting several models for the same outcome and selected factors                               
  ----------------------------------------------------------------- --------------------------------------------------------- ------------------------------------------------------------------ ------ ------ ------ ------ ------
  Medical statistics experts included as first author or coauthor   The number of events\*                                                                                                                                   
   No                                                                \<51                                                     20.2                                                               12.5   31.1   2.1    0.7    5.9
   51--100                                                          9.4                                                       3.2                                                                24.7   3.2    1.1    8.6    
   \>100                                                            8.6                                                       5.1                                                                14.2   10.7   6.3    17.7   
   Yes                                                               \<51                                                     7.7                                                                2.9    18.9   12.6   5.0    28.2
   51--100                                                          4.0                                                       1.2                                                                13.0   30.1   16.5   48.6   
   \>100                                                            1.6                                                       0.8                                                                3.2    27.0   20.6   34.6   
  Medical statistics experts included as first author or coauthor   Impact factor                                                                                                                                            
   No                                                                Under 2                                                  30.6                                                               17.1   48.4   4.0    1.1    13.7
   2--\<4                                                           6.5                                                       2.4                                                                16.3   3.4    0.8    13.1   
   4--\<6                                                           10.8                                                      5.8                                                                19.2   11.7   6.1    21.5   
   6 or over                                                        12.9                                                      7.5                                                                21.1   9.0    4.2    18.4   
   Yes                                                               Under 2                                                  6.0                                                                1.9    17.2   16.2   5.4    39.6
   2--\<4                                                           3.1                                                       1.1                                                                8.6    22.8   10.5   42.6   
   4--\<6                                                           0.2                                                       0.0                                                                1.1    23.7   16.1   33.5   
   6 or over                                                        3.5                                                       1.7                                                                6.9    35.5   25.9   46.4   

\*The category of '\<21' has been integrated with the category '21--50' because of insufficient numbers.

Further analysis for the association between involvement of experts in medical statistics and the quality of multivariate analysis {#s9a}
----------------------------------------------------------------------------------------------------------------------------------

We assessed the association between the involvement of experts and the outcomes by adjusting for the two factors stratified above ([table 4](#T4){ref-type="table"}). As a result, the OR of the involvement of experts for 'using only variables that are significant in univariate analysis' was 0.28 (95% CI 0.15 to 0.53), which can be interpreted to be a large risk reduction.

###### 

The assessment of the association between the absence of medical statistics experts and the use of inappropriate/desirable algorithms in multivariate analysis with adjustment for potential confounders

  Factor                                                                                                                    Using only significant variables in univariate analysis   Fitting several models for the same outcome and selected factors                        
  ------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------- ------------------------------------------------------------------ ------ ------ ------ ------
  Medical statistics experts included as first author or coauthor (vs no experts)                                           0.28                                                      0.15                                                               0.53   3.51   1.88   6.58
  Medical statistics experts included as first author or coauthor (vs no experts) when first author is clinician or other   0.42                                                      0.19                                                               0.97   2.36   1.03   5.38

All models were adjusted for impact factor and the number of events.

If an expert was involved as the first author in the publication, the paper is expected to be an epidemiological study, and there should be an influence due to the difference in research characteristics on the result. If the first author is not an expert, the research could be a non-epidemiological research such as clinical research, and we focused on how much improvement could be seen by involving an expert in these studies. As a result, even when an expert was involved only as a coauthor, the risk decreased with an OR of 0.42 (95% CI 0.19 to 0.97). Likewise, for 'Fitting several models for the same outcome and selected factors', the result was favourable when an expert was included (OR 3.51; 95% CI 1.88 to 6.58 for as any type of author, OR 2.36 for only as coauthor, 95% CI 1.03 to 5.38).

Nation-level investigation {#s10}
==========================

Finally, we examined how much medical statistics experts are involved as coauthors when the first author is not an expert and its association with 'using only variables that are significant in univariate analysis' for each country (of the first author).

First of all, 45% of all papers are reports from the USA, accounting for an overwhelming majority compared with other countries ([table 5](#T5){ref-type="table"}). As shown in [figure 2](#F2){ref-type="fig"}, the correlation coefficients (weighting the number of publications) of 'proportion of publications with medical statistics experts as coauthor within publications in which the first author is not an expert' with 'proportion of publications with multivariate analysis using only variables that were significant in univariate analysis without manual selection of variables' showed an inverse correlation with R=−0.652. In this analysis, countries with \>10 publications in which the first author is not an expert were used. North America and Northern Europe show relatively high expert involvement proportion, whereas East Asia has a low level of 20% or less except for Taiwan. For other European countries, there is variability in the result. The involvement of experts and the implementation of unfavourable multivariate analysis are associated at the nation-level analysis. The details are summarised in [table 5](#T5){ref-type="table"}.

![A scatter plot for the correlation between the proportion of publications using an inappropriate algorithm in multivariate analysis and the proportion of publications in which medical statistics experts were included as coauthors. Inappropriate use of multivariate analysis and presence of experts are inversely correlated.](bmjopen-2017-021129f02){#F2}

###### 

Summary of each country and proportion of publications in which medical statistics experts were included as coauthor within the publications in which the first author is not an expert in these fields

  -----------------------------------------------------------------------------------------------
  Country           Total number of publications   Occupancy\   Estimates          
                                                   (%)                             
  ----------------- ------------------------------ ------------ ----------- ------ --------------
  USA               501                            45.1         67.9        47.4   40 to 54.9

  UK                63                             5.7          48.2        22.0   9.6 to 42.7

  China             51                             4.6          84.5        6.7    2.5 to 17.1

  Canada            48                             4.3          67.4        50.7   31.5 to 69.6

  The Netherlands   46                             4.1          73.1        37.4   18.3 to 61.5

  Japan             45                             4.0          81.2        15.3   6.8 to 30.9

  South Korea       39                             3.5          79.5        14.3   4.9 to 35.1

  Sweden            38                             3.4          40.0        45.3   22.7 to 70

  Taiwan            29                             2.6          91.3        38.8   19.1 to 62.9

  Germany           27                             2.4          80.1        41.7   21.9 to 64.6

  Denmark           26                             2.3          55.4        48.9   23.9 to 74.5

  Italy             25                             2.2          71.4        13.6   4.1 to 36.3

  Australia         25                             2.2          42.5        50.6   16.4 to 84.3

  France            21                             1.9          57.5        77.7   46.5 to 93.3

  Spain             19                             1.7          62.6        32.7   11.8 to 63.8

  Brazil            13                             1.2          51.1        4.6    0.6 to 29.3

  Norway            11                             1.0          48.4        44.8   9.7 to 86

  Finland           8                              0.7          85.8               

  Switzerland       8                              0.7          39.6               

  Israel            7                              0.6          60.9               

  Singapore         6                              0.5          92.8               

  Belgium           6                              0.5          64.8               

  Turkey            5                              0.4          100                

  Austria           4                              0.4          100                

  South Africa      4                              0.4          57.4               

  Kenya             4                              0.4          11.5               

  Poland            3                              0.3          100                

  India             3                              0.3          76.3               

  Thailand          3                              0.3          31.3               

  Iran              3                              0.3          34.2               

  Greece            2                              0.2          82.9               

  Ireland           2                              0.2          32.4               

  Others            17                             3.4          47.4               

  Overall           1112                           100          67.3        39.0   32.2 to 45.4
  -----------------------------------------------------------------------------------------------

\*Calculated only for countries with publications \>10.

Discussion {#s11}
==========

In this study, we focused on the algorithm called 'use only variables that were significant in univariate analysis' as the inappropriate outcome which is often implemented mechanically without considering the influence of confounding and the relationship between variables. The result of 6.4% for this outcome was less than our expectation. However, considering that those who consult with us are 'clinicians who conduct small-scale observational research (in Japan)\', which was detected as a risk factor in this research, the research results are consistent with the expectation.

The reason why they adopt these methods seems to be based on the following ideas:Regarding statistical significance as sacred: this has become a problem in recent years, a statement concerning abuse of p values from the American Statistical Association was issued[@R7] in 2016.Placing emphasis on being statistically 'independent': some researchers think that inclusion of a factor is totally meaningless unless the factor of interest is associated with their outcome independently of any included variables.Thinking that not using significant variables in univariate analysis is considered arbitrary, and using non-significant variables in univariate analysis is also considered arbitrary.

Here, suppose adjuvant chemotherapy for a hypothetical cancer is performed frequently for cases with lymph node metastasis with strong association with recurrence. Although this adjuvant chemotherapy has the effect of preventing recurrence, univariate analysis shows weaker association than actual due to confounding by lymph node metastasis. However, with appropriate adjustment for lymph node metastasis, a significant inverse association was observed between the adjuvant chemotherapy with recurrence (example shown in online [supplementary table 3](#SP1){ref-type="supplementary-material"}). If you apply an algorithm of using only variables that were significant in univariate analysis, the actual effect of adjuvant chemotherapy would be overlooked. Also, to investigate how confounding occurs in detail, it is necessary to create multiple models, and stratified analyses are very useful (see online [supplementary table 4](#SP1){ref-type="supplementary-material"}).

Variable selection for regression model construction is a critical problem in clinical studies with small sample sizes where it is unclear which factors should be adjusted. In such situations, variable selection dependent on p value in univariate analysis might be performed. Even though the number of covariates that can be entered at the same time is limited due to few events, a multifaceted approach such as fitting several models should be helpful for causal interpretation. This is what we studied as a desirable outcome in this paper. For example, adjustments are made in multiple steps, such as crude (no adjustment) for model 1, age+sex for model 2, age+sex+another important factor A for model 3 and age+sex+another important factor B for model 4. However, this step tended to be omitted in publications with fewer events ([table 3](#T3){ref-type="table"}). Statistical multiplicity could be a problem with multiple models; however, we consider that it is not necessarily a severe problem because results from this approach are not independent and are highly correlated. Such sensitivity analysis with various statistical approaches is publicly recommended in clinical trials and analysis with missing data.[@R8]

Considering that multiple models are not created despite a small number of events and inappropriate analysis is often observed in a paper with a low impact factor, the reason why only significant variables are used is not caused only by the number of events, but by problems of the research system (including the absence of experts). In addition, the level of requirement from journals and the quality of peer review may be responsible.

Since medical and social influence from research is very large, and fair research performance is required, participation of biostatisticians is essential in clinical trials. However, ideally, experts should always participate in research even in observational studies because of the difficulty of appropriate adjustment for confounding including multivariate analysis. Even observational research can seriously affect clinical practice guidelines.

Based on the results of this study, the benefit of participation of medical statistics experts is obvious. Our results suggested that the proportion of experts' involvement is low in publications from East Asia, and there are relatively few publications in which the first author is an expert ([table 5](#T5){ref-type="table"}). This would mean a shortage of such experts in these countries. The surveillance in 2011 by McKinsey Global Institute demonstrated that there are only a small number of graduates with statistical training (including biostatistics) in Japan and China (2.66 and 1.31 graduates per 100 people in 2008, while 8.11, 13.58 and 12.47 for the USA, the UK and France, respectively).[@R10] The shortage of biostatisticians has been considered a problem in Japan, but infrastructure for training and developing biostatisticians has been developed rapidly in recent years.[@R11]

However, it takes a long time to develop enough well-trained experts. In situations with a lack of medical statistics experts, it should be advisable to establish a system to disclose the data used for publication to enable the data to be analysed (including multivariate analysis) by external experts as part of the peer-review process. Here, 'external' includes foreign experts or experts who are not acquainted personally with the research team. For new drug applications, researchers are obliged to submit the dataset of clinical trial standardised by the CDISC standard to regulatory authorities (Food and Drug Administration, Pharmaceuticals and Medical Devices Agency, etc) for further validation and additional analysis. Such standardisation should be a model in constructing the system as described above.

Since clinicians performing clinical research are not necessarily full-time researchers and are usually very busy, they are the population that needs more support for medical statistics. In particular, those who are not involved in a huge research project (like a large epidemiological study) have difficulty accessing medical statistics experts. It is desirable to establish a support system for them within the peer-review step regardless of the impact factor of the journal.

Limitations {#s12}
===========

1.  Large-scale research was dominant in the study papers; the number of small-scale research in which there are possibly many problems was limited. Although it may have been sampled according to the number of events, it is difficult to extract that information by search words.

2.  Since the definition of outcome is complicated, there are many possibilities of misclassification. Therefore, the reliability may be higher in the examination of the relative difference rather than absolute values.

3.  The number of factors related to the quality of multivariate analysis are far more than those examined in this study.

4.  Even papers we classify under the undesirable outcome may not necessarily use an inappropriate form of multivariate analysis. For example, when the purpose of multivariate analysis is to construct a predictive model, there is no problem if a model with high predictive power is finally created. Our three outcomes should then be considered as 'potentially inappropriate'/'desirable' use of multivariate analysis.

The controversy about the term 'multivariate/univariate' {#s12a}
--------------------------------------------------------

The term 'multivariable/univariable analysis' instead of 'multivariate/univariate analysis' is sometimes recommended for regression analyses because 'variate' means random variable.[@R12] However, in most situations described as 'multivariate analysis', medical researchers' intentions are clear: adjust for multiple covariates as explanatory variables in regression models. We therefore adopted 'multivariate/univariate analysis' in this study as this usage is more common in today's medical literature.[@R12] See the online [supplementary discussion](#SP2){ref-type="supplementary-material"} for further details.

10.1136/bmjopen-2017-021129.supp2

Conclusion {#s13}
==========

In publications about observational research in which the number of events is 50 or less without the involvement of medical statistics experts, \>20% of publications may have problems in multivariate analysis. The involvement of experts was associated with desirable implementation of multivariate analysis independently of the number of events and the impact factor. The benefit of participation of medical statistics experts in the study is obvious. Since even observational research can be a source of important evidence in medical science, experts should be involved for proper confounding adjustment and interpretation of statistical models. We hope that this research will make medical researchers more cognizant of appropriate regression model construction in multivariate analysis.
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